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PSrUDOT^TED RETRO\aRAL VECTOR FOR 
CKNi: THER APy OF CANCER 

ttArKfSRQUND OF TH E YN\-£NTtfON 

5 (a) p:^lt1 of The Jnveniioa 

The inv<n)rion relates to retro\'iral expression vectors and more 

pardcuJarly to pseudoryped retroviral vectors for gene therapy of cancer. 

(hi Vir^ctjj^tinn of Prior .Art _ 

Tumor cells modified to express the Herpes Simplex \trus Thymiame 

10 Kinase gene (TK) acquire the ab)lit>* to convert the non-roxic nucleobase analog 
gancyciovir <GCV> to its cytotoxic metabolite gancyclovir-phosphaie. Cells 
genetically engineered xo express ihis "suicide" gene are eliminated if exposed to 
gancyclovir. Experimental brain tumor implants consisting of a mixture of 
unmodified lumor ceils wiih TK-expressing cells also regress following 

15 gancyclovir treatmeni without harm to adjacent normal tissue. Tms phcnomeia. 
where a minonty of TK-expressing ceUs lead to the death and elimination of 
adjacec: tumor cells not expressing TK. has been termed the "bystander effect**. 

The "bystssnder'' effeci is dependent: in part, on cell-cell contact and on 
intercellular communications - gap juncnons - through which gancyclow- 

20 phosphate can circulate between TK-positive and TK-negativ© tumor cells. 
Phagocytosis of gancyclovir-phosphate laden cell debris by adjacent tumor cells 
also leads lo cell death. Blood vessel endothelial cells wiihin or adjacent to the 
nrnior may also acquire TK, anti their desiruclion with gancyclovir dicrapy, thus, 
may also contribute to tumor regression. 'Suicide'* mmors release inflammatory 

25 cytokines which promote hemorrhagic necrosis in local, but noncontiguous, 
tumor deposits. Furthermore, tumors undergoing a necrotic death, as opposed to 
^ptosis, will up-regulate the ezqaression of proteins such as hsp70, tt-lO and 
IL12, uhich may enhance immune recognition and rejection. Necrotic tumors 
may be infiitrarcd With a wide assortment of unmunocompetcnt cells such as 

30 CD4-r lympboc>tes, CDi-^ lyn^hoc>tes, NK cells and Antigen Presenting Cells. 
These innltradng ceils may take pair in 3 tumor-specific laaMCiune response which 
is an utiportani compor.«nt of the local (12) as wcU as disiant anfc-himor immune 
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bysiatider effect. Intracerebral tumors are also susceptible to immune clearance 
following suicide gene expression, suggesting that the brain is not an immune 
sanctuary for cancsr. Therefore^ tumor-targeted suicide gene delivery leads to 
eradicadon of a denned tumor deposit if a sufacient number of targeted celis 
5 ^press the suicide gene. Maligirani brain tumors are an appealing target for 
suicide gene delivery, since the entire malignancy is confined to the brain and 
amenable to eradication by ihe bystander effect. Key components fox the success 
of this strateg>- arc the genedc vector from which the suicide gene is expressed 
and its delivery vehicle. 

10 Viral vectors remain the most efBcient means to introduce genetic 

maienal in tumor cells in vnv. This is usually achieved by direct intra-tumoral or 
intravenous injection of a viral particle suspension. Among vira! vector delivery 
platforms, adenot'iruses arc among the most smdicd for tumor-targeted gene 
delivery. Adenoviruses can be concerarated to high diets, which facilitates 

15 delivery of large viral doses lo tumors However, because of their abilit>' to 
disseminate beyond local injsciion site and to transduce contiguous normal brain, 
including astroo>'te$, neurons and epend>TOa) cells, suicide gene expression may 
lead to significant icxicit)- rbliowing gancyclovir treatment. 

Recombinant reirovirai \ectors are well characterised as vehicles for 

20 tumor-targeted gene delivery. Retro\'iruses can integrate only in cells undergoing 
mitosis shonly aft^ infection <2S). Quiescent cells - such as normal brain tissue 
adjacent to a targeted tumor deposit - will be reMctory to gene transfer and 
spared ftcm subsequent toxicity (4). For this reason, retroviral vectors have been 
extensively used in human clinical ^iais smdying suicide gene delivery to 

25 malignant brain tumors. Limitations to the use of retroviruses are: their inability 
to infect cells which do not express the retroviral receptor and,, the low particle 
concentration in clmical-grade \nral preparations. Clinical -grade retroviral 
particle preparations usually have titers <^10^ pardcies/ml. Assuming that a target 
tumor having a 1 cm diameter contains at least 1 0^ cells, it would be necessary to 

30 inject :ntra-tumoraliy at least >iO ml of \'iral particle preparation lo deliver an 
equal number of viral panicles. Tms logistical impediment to retropanicle 



deliveiy has been addressed by direcdy injecting murine retroviral producer cells 
(VPCs) in 10 wmors in vivo. The idea being that locaUy produced viral particles 
could uansduce cancer cells. Though this gene deliver^' approach led to cures in a 
rat model of brain cancer, this was probably achieved as a consequence of 
delivering as many VPCs as there were tumor cells (4). In human clinical trials, 
where ihis siraiegy was duplicated by injecung amphoUropic VPCs with a liter of 
1x10=* cfa'ml low - aibei: detectable - TK gene transfer efficiency was noted m 
tumor ceiis. Fuiihermoie, a specific immune response against VPCs was eiiciied 
(30). Alihough "suicide" retrovectors are "safe", implantadon of VPCs as a 
means to deliver retroparticles is oi limited efficacy. Poor suicide gene transfer to 
tumor cells is a major impediment to iherapeuiac utility, 

Retropariicles which iucoiporate the Vesicular Stomatius Virus G 
(VSVG) protein differ torn traditional murine retroviral pseudotypes by their 
high affinity for a wide assorlTTieni of eukaiyotic cells. This is primarily due to 
the ability of VSVG to recognize membrane phospholipid as a minimal receptor. 
Unlike standard murine retroviruses, VSVG retrovectors are also relatively 
resisiaai to dcacnvarion by htmian complem^it (34). Furthennore. like 
adenoviruses, VSVG-typcd retroviruses can be concentrated to high titers by 
centnfiigation and fiozcn/thawed without loss of acti'^^'. The VSVG pseudotype 
does not alter the retroviral genome's restricted targeting of cycling cells. 

It would be highly desirable to be provided with a suitable deliver^' 
vehicle for suicide gene transfer, comt>ining high rlter, particle stability and 
iunior-spec5flci:> 

5^mT\tARY OF THE INVENTION 

One aim of the present invention is to provide a suitable retroviral 
vecTor gene ^rapy of a cancer. 

For exan^Jie, VSVG-typed retroparncles may be suitable for 
dehverir.g a therapeutic gene to a tumor ussue. 

For example, the cancer m^' be a brain cancer. 

Examples of therapeutic genes include suicide geiies 



For example, an HSVTK-sxpressmg reirov^ctcr and VSVG- 
pscudotyped retrtjpartides were constructed. Human glioma celJ lines can be 
transduced in viiro and express functionally significant amounts of HSV TK. 
Concentrated retropanicles were acminisrcred inira-tumorally m a rat model of 
brain cancer and a significant sunaval benefit was noted foJlowing gancyclovir 
therapy. 

The retrovector may incorporate the AP2 expression x'ecior. The AP2 
expression vector aUox^'s for a high leveJ expression of a ttansgene and 
incciporates a reporter gene for monitoring of the iransg^e expression tn vitro 
and in vivo. Furthermore, the reporter protem allows for a sorting of producer 
cells and fiicihtates the measurement of the retroviral nter. 

In accordance with ihe present invcarion, retcovcctors which may be 
used include, without iimitsdon. AP2 expression vector, AP2 derivatives thereof 
$uch as its nrsi derivative aP3 which includes the HS\'ilK suicide gene. Other 
derivatives include MDl which is a AP2 derivative which incorporates human 
GMCSf. JGH2 which expresses a novel GFP-HSVTK fusion protein, JGH2 
derivatives thereof which mcotporatc immunomodulatory genes as well as the 
GFP/TK fusion proccin. AP2 derivatives incoiporate genes of therapeutic mtesrest 
for the treatment of cancer. 

Preftrred AP2 expression vector derivatives include, v^ithout 
ltnu:arli>c« the foilo^ving- 

HSV ih>m{dine kinase (AP3); 

GMCSFCvIDl); 

RARB2, 

TRF3i 

IRF3-5d; 

MCPI; 

RanieSs 

^^TPJalplla; 

MiPlbcta; 

MCPL 

Preferred JGM2 expression vector derivatives include, without 
limitaiion, die folio^v^ng: 

GMCSF (MD2>; 

IRF3 (AP6); 



IRF3/5D(AP7). 

^ Fig. I . Schemaic xepresKiteiions of plasimds and retiovectors. Fig. 

5 lA: AP2 plasmid retroveooT serves as a template for the co-expression of xhe 
EGF? reporter and of a linked cDNA ia cukarv-odc cells. The cDNA of interest is 
insened indie muiiipic ciomcg sue upstream of the IRES. Fig. IB: pTKiOFP is a 
derivative of AP2 which contains the KS\TK gene. Transfection of this plasmid 
into rettoviral packaging ceils -«U lead to the production of repUcaiion-^iefective 
10 Ttfiropanicies. Fig. IC: Target cells transduced with xTKjGFP will integrate the 
retiovector in tdeir genomic DNA. The DNA structure (flanked by LTRs) and 
£ coding sequences er? depicKd. 

S Fig. 2. Flow cytomabic analysis of vTKiGFP transduced glioma cells. 

□ UWR7 human gUoma cells were transduced with vTKiGFP and subsequently 

? 15 aaaly-zed by flow c>-tom«ry for green fluorescence, as described in 'Materials 

i Methods". GFP serves as ar«porter of retrovector expression in transduced cells. 

Fig. 3 Souihem Blot sr.a!ysis on vTKiGFP transduced glioma cells 
Follou-ing rraasduction with vTKiGFP. the retrovecior ^dll integrate into genomic 
DNA. Digest of genomic Dt«4A w-iih Nhel. which cuts once in each flanking LTR. 
I 20 and subsequent probing of Southern blot with a vector complementary sequence 

will allow detection cf integrated pro^-iral sequences with a predicted size of 4kb 
(schematic ai right). Left. Southern blot analysis of transduced (+1 and 
untraasduced (-) UWR7 cells wih a GFP cDNA-specific probe, as desciibed in 
'^aieriaJs and Method". Molecular woighis are indicated. 
25 Fig. 4: Gicwih suppression of human glioma cells with gaacyclovir. 

The indicated human gUoma cell lines were transduced with vTKiGFP (open 
squares) or the control retrovector vDHFRiGFP (open circle). These and 
untransduccd controls (open diamonds) were subsequently exposed to ganc>'clovir 
for 6 days, and cell sur\-ival was measured by the MTT assay as described in 
30 "Maienais and Methods'-. Percent survival is plotted ^st gancyelovir 
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concentration ilog scale). Dara points, mean sunnval measured in three separate 
expsrimenisi bais, SD. SD smailer than data point icon are not displayed. 

Fig. 5. Flew cyrometric analysis of 293AP3 producer cells. 293GPG 
packaging cells were siably transfecied wi± pTKiGFP and a Zeocin resistance 
5 plasnoid. A mixed population of Zeocin resistant 293AP3 ceils was generated and 
charaaeiized for GFP expression by Qow cytometry as described in "Materials 
and Mcihods" Percent GFP+ cells is indicated. These cells were subsequently 
unlized to generate vTKiGFP sicck for concenwation and vivo delivery. 

Fig. 6. Transduction of glioma cells with conccmrated vTKiGFP let- 
0 rovector stocks. vTKiGFP rctropanicles were collected and concentrated lo 84 
and 1 000 fold (^voluma-volume; as described in •'Matenals and Vfetbods**. IX and 
84X vims stock were djiuied ^as indicated on left) in a fmal volume of 1 ml and 
applied ro 2,3x10^ U\VR7 cells in a 2^ well dish, Tnree da>-s following a single 
^pl'cation of vector, cells were analyzed for GFP expression by flow cyiometry. 
Percent GFP- is mdicated in histogram figures. Dilutions of lOOOX stock was 
appUed to 5.4x10-' C6 glioma cells and analyzed three days later for GFP 
expression. Titer exirapolaied from these experiments were: IX: 2.9x10^ cfbinl, 
84X 2^x10^ cfcml. lOOOX: 2.3x10" cfo/'mL 

Fig. 7 /ff vfvoiransducdon of C5/1acZ tumors with vTKiGFP. Brain 
tumors were harvested posi-mortem as described m NIaterials and Methods, TOP 
(panel a, B), tumor from a control rat which received vTKiGFP without 
subsequent ireatment wi;h GCV (rat was sacrificed on day 30 post tumor 
implantation due to morbid state). MIDDLE (Panel C, D), tumor from a control 
rat which did not receive vTKIGFP but was treated with GCV (rat was sacrificed 
on day 43) BOTTOM (Panel E, F), tumor fiom a lest rat which received 
vTKiGFP and subsequent trsatmeai witii GCV which suffered symptomatic 
recurrent lumor f rat was sacrificed on day 32). GFP expression (panels A, C. E) 
was compared to subsequent hisiochemjcal staining of C6'lacZ tumor cells \vith 
the substrate X-gal rjjanels B, D, F). -viagnification of lOOX for all 
photomicrographs. 
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Fig. 8. Kaplan-Meier sunival curve of rats viith experimental glioma. 
Sprague-Dawley rats received 2x1 C C&lacZ glioma cells b) siereotacric injection 
in the right brain hemisphere as described in "Malerials and Methods". Six days 
later, eigoteen animals we administered 9nL of lOOOx vTKiGEP stock in the 
same stereotactic coordinates as the pre\ious C6/lacZ implant. ■« houts later, test 
animals (n=l2i received GCV SOm^'kg twice daily for 5 days followed by 
SOmg'kg once daily for 5 mors days. The other aramals (n=6) were administered 
saline only. Ln a separate sxpcrimcnt, a supplementary cohort (n-5) received a 
C6flacZ glioma implant folIo^ved 9 days later by GCV treatment (no retrovector 
administered). The survival seen in the test group (vTKiGFP + GCV) is signifi- 
cantly graicr lhan that in either control groups Cp<0,001 by Log rank). There is no 
significant difference in survival bet-wesn Ae two control 8ro'.q>s. 

niTTAIT-EP DESrWTPTION rtV THF TN\^NTION 

DL'ect in vivo tumor-targeting \vith "suicide" viral vectws is Imated by 

i5 either inefKcient gene transfer [i.e. retroviral vectcars] or indiscriminate transfer of 
a conditionally toxic gene to sunounding non-malignam tissue [i.e. adenoviral 
vectors]. Retrovectors pseudotyped uith the Vesicular Stomatitis Virus G protem 
(VSVG) may serve as a remedy to this conundrum. These retroviral particles dif- 
fer fiom standaixl munnerwroviruses by their very broad tropism and the capacity 
20 to be conceamrted by uliracentrifiigation without Joss of acti%'it\'. AVSVG-typcd 
reircvecior car. be ualized for efficient and tumor specific Herpes Simplex Virus 
Thymidine Kinase (TK.) gene dclivcr>' m vivo. A bicisnronic retroviniJ vector 
which expresses TK and Green Ruorcsccnce Ptocein (pTKiGFP) was constructed. 
The 293GPG packaging cell line was uulized to generate vTKiGFP retroparticlcs. 
25 In cNtotoxioiry assays. vTKiGrP-transduced human gUoma cell lines were 
s^hzed xo the cytotoxic effects of ganoxlovir (GC\'). 10,000 fold. 
Subsequently, the virus was concentrated by ultracentriftigation to a titer of 
•2.3x10-' cfiiml. The anti-tumor activity of vTKiGFP rctroparticles was tested in a 
rat C6 glioma model of brain cancer. Concenwated retrovector stock (9jiL 
volume) was injected stereotactically in prs-establisfced intra-cerebral nimor. 
Subsequently, rats were treated with C'CV for 10 days. Ccnnol rats (no GCV) 
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had a mean sumvai of 3S days (range 20-52 days). Secxions performed on posi- 
mortena brain tissue revealed large Tumors with eWdence of high efficiency 
reirovecior nansfw and expression (as assessed by GfP fluorescence). 
Fluorescence was restricted to malignant tissQe, Tn the experimental group (GCV 
5 treated), 5/12 remam ahve and weU >120 days pos^ glioma miplantation. The 
vTKiGF? IS very efKcient at transducing human glioma cell lines in vitro and 
leads to significant GC\'' scnsiuzation. Recombinant rstroviral pardoles can be 
concentrated to titers which allow in vivo innra-tumoral delivery of large viral 
doses. The merapeuric efficiency of this reagent has been demonsorated in a pre- 
10 clinical mode] of brain cancer 

MATERIALS AND >fETHODS 
CeU lines and pl&soiids* 

pCMMP-LZ plasmid (Jeng-Shin Lee and Richard C. Mulligan, unpub- 
lished), pjdiyolso plasmid and 295GPG reaoviral packaging cell line were 
5 generous gifts from Richard. C. Mulligan (Children's Hospital, Boston. MA). 
MSCV-Neo piasmid (36) and BSICZSVPA plasmid (37) wa« kindly provided by 
Roben G. Hawley iThe Toronto Hospital. Toronto, ON). SKI-1, SKMG-4, 
SKMG-l, T98G, (JW2S & UWR7 humaji guoma cell lines were generously pro- 
vided by Lav.Tence Panasci (Xacy Davis Institute for Medical Research, Montreal, 
QC>. Co Cen-dcZ glioma cells originate firom ATCC. pMClTK plasmid was 
graciously provided by Gerald Batist (Lady Davis Institute for Medical Research, 
Montreal, QC). HaL22Y piasmid was kindly provided by Raymond L. Blakley 
(St. Jude Children's Research Hospital. Memphis, TN). 
Retrovector design and sxnthesls. 

A plasmid encoding for a bicistronic, non-splicing murine retrovector 
which incorporate a multiple ciomng sit© - allowing insertion of cDNA of 
interest - liaked to the Enhanced Green fluorescence Reporter (AP2) was 
engineered. The synthesis of AP2 is as follows. Tlie 805 bp EGFP cDNA was 
excised by Eco47.3 and NctI digest of pEGFP-Kl (Qontech, Palo Alto, CA) and 
ligated into the MSCV 1 36) retroviral piasmid to generate MSCV-EGFP. The 555 
bp Inicmal Ribosomai Entry Site (IRES) was seised from the BSICZSVPA 



plasmid (37) by S&cll-Ncol digest and clcned in to SacH-NcoI cut MSCV-EGFP 
10 generate MSCV-IRES'EGF?. MSCV-IRES/EGFP xva$ digested with Spel- 
Ascl 10 generate a 2524 bp fragment encompassing part of the 5' untranslated 
region of Ac mrovcctor. me IRES, EGFP and most of the 3' LTR. This msen 
was Hgated with a 4169 bp fragment from Spd-AscI cut pCMMP-LZ - an 
mipublishcd MFC-based retrovcctor - to generate AP2 (Fig, lA). AP2 is 
designed to co-cxpress an inserted cDKA with the EGFP rcponcr within a 
bjcistronic framework. The EGFP serves as a reporter of provirus transfe and 
expression in target cells. The viral vector generated is non-spbcing. The 
pMCiTK piasnud was cut with BgUI-BsaWi to generate a 1207 bp fragment 
containing the HSVTK cDNA (^excluding polyadsnylation signal) and was ligated 
into Bg)II-Xmal-cut AP2 to Generate pTfCiGFP (Fig, IB), The retroviral genome 
produced from pTKiGFP will not incorporate the CM\' promoter clement. 
Transduction of Target cells with pTKiOFP-derivcd rctrovuai particles (vTKiOFP) 
will lead to the stable incorporation of LTR flanked proxiral ga:iome (Fig. IC). 
The pMSC\'-DHFR (L22Y);IRES/ EGFP vector (pMSCV-DIG) was derived by 
incorporating the 654 bp BamHl-Xhol DHFR (L22Yi cDNA from Ha-L22Y into 
BglR-Sall cutMSCV-IRES/'EGFP. 

Prodnctioa of VSVG-pseudotvped retroviral particles and concentration. 

Recombinant VSVG-pseudotyped retroparticles were generated either 
by transient or stable transfection of the 293GPG packaging cell line (34). 
293GPG cells are maintained in 293GPG media [DMEM (Gibco-BRL. 
Gaith^burg, MD), 10% hral-inactivated FBS (Gibco-BRL) supplemented with 
03 mg/ml G4I8 (Mediaicch, Homdon, YA) and 2 (ig/ml puromycin (Sigma, 
Gakvillc, ONT)» 1 |ig.'ml tetracycline {Fishex Scientific, Nepean, ONT) and 50 
units/ml of Pen-Strep ]. For transient production of retroparticles, 293GPG cells 
were trans fected wixh 5 jig plasmid relrovectors with the use of hpofectamine 
(Gibco-BRL). Transient transfections were done in tetracycline-free media and 
viral supernatant collected daily for 1 week, 3 days following transfection. Stable 
producer cells \%ere generated by co-ti^*$fection of 4|ig Fspl linearized 
retrovector plasmid and J :25 ratio of pJ6QBleo plasmid. Transfected cells were 



subsequently seiccted in 293GPG media supplemented with 100 jig^'ml Zeocin 
Onx-itrogen. San Diego, CA) as described (34). ResulUiig stable polyclonal 
producer populations were utilized to genCTate high titer virus. All viral 
supemaiants were filtered with 0.45 micron syringe moimted filters (Gelman 
5 Sciences, Ann Arbour, MIj and stored at -20*C. Concentration of VSVG 
retroparticles was performed as previously described (34) In brief, previously 
han e&ted supernatant was thawed and 10 ml aliquois were centrifjged at 25.000 
rpm in a SW41T1 rotor (Beckman Instmments Inc.) a: 4^C for 90 minutes. Viral 
pellets were resuspended overnight in 100 uL serum-free RPMf (Gibco-BRL) at 
10 4-C, pooled and concentrated through a second centrifugarion. Concentrated 
^irus was aliquoted and stored at -SO'^C. Viral prepararlons v. ere devoid of RCR 
by EGFP marker rescue assay utilizing supernatant from transduced UWR? cells. 
Transductioa of glioma cells, flow cytometr>' aod southern blot analysis. 

Human ghoma cell lines were plated at 2x10* cells per well in a 24 
well dish and allowed to adhere. Media was removed and replaced witii 500 nL 
of thawed, retrovirus condiuoned media collected &om transiently transfected 
293GPG. Folybrftie(Sigmaj was added to a final concentration of 6 }ig/ml. This 
procedure was repeated daily for three consecutive days Srably transduced cells 
were subsequently expanded. No clonal selection was pertotmcd, and mixed 
populations of transduced cells were used for all subsequent experiments. Flow 
cytomettic analysis was perfoimed within two weeks following transduction to 
ascertain retrovecror expression and gene transfer efiSciency as measured by GFP 
fluoresccACc. In brief, adherent uansduced cells were irypsinized and 
resuspended m RPMI at -10' cells per ml. Analysis was p^fonned on a Epics 
XL/MCL Coulter analyzer. Live cells were gated based on f SOSSC profile and 
anal>zed for GFP fiuoresccnce. Southern blot analysis was performed on 15 g of 
overnight Nhel digested genomic DNA extracied fiom stablj* transduced cells as 
well as untransduced control cells. Blots were hybndized wiih a P32 labeled, fiill- 
length 700 bp GFP cDNA prcbe, washed and exposed on photographic fihn. 



Growth suppressioQ assays. 

Stabiy transduced te$t and control cells were trypsinized and plaied at 
a densiiy of 1000 cells per well in a flat bonomed hssue-culture treated 96 well 
plate (Costar corporation, Cambridge, MA). Clinical-grade gancyclovir (GCV, 
HofEinaurLaioche, Mississduga, ONT) was added to achieve a ringe of concentra- 
tions from 0.01 to 5000 ugr'ml in a final volume of 100 .uL of RPMI/10% FBS. 
Cells were incubated at 37*0 and media was replaced with fresh GCV after three 
days for a total exposure of 6 days. The pKCcntage of sumving cells was meas- 
ured using a method based on the metabolism, by living cells, of the 
mitochondrial subslraie 3- {4,5-dimethylthiazol-2-yi>-2,5'diphenyltertrazolium 
bromide (IvITT) imo formazan, which is detected by measurement of the optical 
density ai 570nm, Percent Survival is calculated as follows [OO570 test - OD570 
empty weU]/[OD570 untreated ceils - OD570 empty well] x 100. All data points 
were measured in triphcare m at least three sq>arare cxpc-riments. 
Titration of retrovector 

Target glioma cells were plated at 2x10-' cells per well in a 6 well tis- 
sue culuire dish. The next day, ceils from a test well were nypsinized and enu- 
merated tQ di^teimine baseline cell count at moment of virus exposure. Virus was 
serially diluted (range 100 lo 0-001 ^L) in a final volume of 1 ml of RPMI/10% 
FBS supplemented with 6 ing'ml polybreae (Sigma) and applied to adherent cells. 
Flow cyiomeiric analysis was performed 3 days later to determine the percentage 
of GFP- cells. Viral titer (cfaml) was extrapolated from the test point in which 
non-saturating transducrion conditions pre\'aiied (i.e. transduction efficiency 
<80%). Titer (cfia/ml) was calculated as [ (% GFP+ cells) X (cell number at initial 
\Tral exposure) . (viral % olume m ml applied)]. 

Animal model of brain cancen In vivo retrovector deliver^' and gancyclovir 
tretttmenL 

C6-lacZ ghoma cells reproducibly generate lethal Intra-cerebral tumors 
when injected in Spraguc^Dawley rats. The constitutive 3-galactosidase 
expression facilitates delinearion (by X-gal siamingj of tumor cells and extent of 
the tumor infiltrate in posr-mortem brain sections. Adult Sprague Dawley rats 
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were aaesihelized with intraperitoneal injection of keiainine (50 mg<kg) and 
xykzine (2 ms^lgi C6/7acZ rat glioma celk (2x10^ cells in 5 \x\ of HBSS) were 
injected iniiacranially into the frontal lobe using a Hamilton syringe in a stereo- 
tactic apparatus ^KopO over a penod of 15 minutes. The coordinates used were 
3.5 mm lateral to the bregma, 1.0 mm posterior to the coronal plane and 4.5 mm 
in depth of the dura! surfece. Six days post gUoma eel! hnplantation, rats wete 
anesthetized and vTKiGFP (concentrated stock of 2.3x1 0" cfulnl) was injected of 
into six different sites a mm apanj in the pre^stablished nmior goided by the 
previous slawtactic coordinates, a total volume of 9 1 was injected in each 
tumor ^6 x 1.5 1 increment) and needle was left m place for at least 5 rains pa 
increment (for a total of 30 mins per tumor). Two days after retrovector delivery, 
rats are treated with GCV 50 mg/kg intraperitoceaUy twice daily for 5 days fol-' 
lowed by 50 mg^kg once daily fbr another 5 daj-s. After euthanasia, biaiiw were 
removed and quickly frozen in isopentane chUled with liquid nitt^gen. Coronal 
15 sections (10 ^m; were prepared. GFP activipy was observed by epi-fluorescence 
microscopy and recorded pholognqihicaUy. Subsequently, sections were stained 
histochemically for ^-galactosidase activity as previously described before 
counter staining with hematoxylin and eosm. 
RESCLTS 
20 Retrovector design and synthesis. 

Tne AP2 expression vector (Fig. lA) aUows the incorporation of a 
cDNA sequence in a Muhiple cloning site (UCSj upstream of an Internal Ribo- 
somal Eniiy Site (IRES) ana the Enhanced Green Fluorescent Protein (EGFP) 
cDNA. The transcriptiotj inidation from a CMV promoter wHl lead to the pro- 
25 duction of a bicistronic mRNA incorporating bodi the inserted cDNa and the 
EGEP coding sequence. Translation of both coding sequences -a^II be achieved 
from a single mRNA molecule, thereby ensuring co-dominant expression of both 
protein products. Live cells expressing EGFP- which is detectable by 
fluorescence microscopy or flow cytometry, wiil co-express die Indeed gene 
product. Gene-modified cells can be implanted or transplanted in animal modtsls 
and ilteir localization and function be traced based on the expression of the EGFP 
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proieia. The AP2 expression vector incorporates a replication-defective retroviral 
packaging sequence and a retroviral 3 'long lerminal repeat (LTRj. Transfection 
of an ^propriate reiroviraJ packaging cell line can lead to production of 
recombinsint retroviral particles. Rctropanicles can be generated either by 
transieni transfection of packaging cell Imes or aitemanvely, srable producer cell 
lines can be ccneraied b> co-transfecticn with a drug resistance plasmid. We have 
g^erated reiropanicies by both methods wth good success utilizing the 2930PG 
retroviral packaging ceil line. 

Retrovector transfer and expression in human glioma cell lines. 

Tae 293GPG packaging cell line was transiently transfccted wth 
pTKiGFP (Fig. IB) and supematar.t containing VSVG-typcd retroparticies 
(vTKiGFP) was subsequently collected, filtered and frozen for storage. Human 
gUoma cell lines (SKl-h SKMG.4, SKMG-1, T98G, UW28 & UWR7) were 
transduced with ihrce consecutive daily applications of thawed vTKiOFP 
supematani. 5ix days posHransduction, polyclonal ceil lines were subjected to 
flow cytometric analysis to determine the proponion of cells which expressed the 
GFP reponer protein. All polyclonal cell lines were 100% QFP-positive by 
FACS analysis, and transduced UWR7 cells serve as a representative example 
(Fig. 2). We have also found that GF? expression could be easily detected in live 
cultured cells by direct visuahzation with a tissue culture microscope fitted widi 
an epifluoresc^ce light source (data not shown). Southern blot analysis 
confirmed that unrearranged vTKiGFP vector integrated in chromosomal DNA of 
transduced target cells (Fie. 3). \aKiGFP transduced cells have been passaged in 
excess of 30 times wi^out loss of GFP expression. 
vTKiGFF £xpression and Gdncyclo^ir sensitization. 

HSV TK expression will Uad to the conversion of the prodrug gancy- 
clovir to its cytotoxic metabolite gancyclovir monophosphate. Cells which do not 
express this «i2yme are refiraciory to gancyclovir toxicity. compared the gan- 
cyclo\ir sensitivity of vTKiGFP transduced cells with unmodified parental cells 
as well as cells modified wifli a control, GFP-containing retiovector (vMSCV- 
DTG). Ceils were plated in 96 weli dish and exposed to gancyclovir for a period 
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of 6 days. Live cell conieni was assessed colorimenrically by MTT assay and cell 
survival was expressed as a percentage relative to untreated cells. We have found 
lh« aU vTKiGFP-expressmg cell lines were sensitized to gancycloAir. Comparing 
the GC\' concentration which inhibits ceU growth by 50% (IC50), we found that 
5 vTKiGFP mmsduced cells (all 6 ceil hnes aggregated) were up to 10.000 fold 
more scnsiiivo to GCV than controls (rC50 tests: 0.004 ugitol vs ICSO controls: 40 
ug/ml, pO.001 by sudem i test) (Fig. 4). Groi^th rale fyr transduced and parental 
cell lines in die absence of gancyclovir were idraitical (data not shown). 
Concentration of vTKiGFP retropatHcles. 

The most direct means of rransducing a tumor m viw is to inject the 
therapeutic retrovector intra-tumoially. If the aim is to iransdtice as many ftmior 
ccUs a^ possiKe. it would be desirable to inject a concentrated vector stock to 
achieve a high local MOL We detemuned if viable vTKiQFP rctropamcles could 
be concentrated by ultmcentrifugation as previously described. As a first step we 
tnmsfected 293GPO cells with pTKiGFP and a zeocin resistance plasmid 
&>J6bleoj. A siably transfected. Zeocm>resistant polyclonal producer cell popula- 
tion (293AP3) was generated, flow cytometric analysis for GFP fluorescence 
revealed that 42% of this mixed population stabty expressed the pTKiGFP vector 
DNA (Fig. 5). Tetracychne v.-ithdrswal from the culture media will lead to the 
production of VSVG-typed vTKiGFP rctroparticles. We coUecled retiopartide. 
containing medm daily from the 293AP3 producer cells from days 3 to 8 follow- 
ing letracjxline withdrawal. Supernatant was cleai^ of cellular debris with a 
0.45V filter and fix)zen. We have noted that mce daily media collection - as 
opposed to once dailj- - doubled the yield of rctroparticles from producer ceUs 
following tetracycline withdrawal (data not shown). Media were thawed, pooled 
and subjected to uhracentri&garion as described m Materials and Methods. 
Supernatant was concentrated 84 fold (20 mis to 0.24 ml) by ultracentrifogaiioa 
The concentration step raised titer from 2.9x107 cfii/ml to 220x107 c&/ml as 
measured on UWR7 human gUoma cells (Fig. 6). 84X concentrates were pooled 
and subjected to a second ultracentrifagation to achwe a final lOOOX (100 ml 
initial volume to 0.1 ml final volume) concentration. Titer of lOOOX retrovector 



- 15- 



was 2.3x10 lO as detcmuned on rat C6 glioma ceils (Fig. 6), Concentrated 

rctrovector aiiqaots were stored at -SO^'C until farther use. Wc have observed that 

uamanipujiiied (unconceniraied) supernatant from tetracyclins-deprived 293GPQ 

producer cells can be toxic lo target cells if applied repeatedly. However, no 

toxicity was observed on target cells if conceniraied svpematant was used for 

transduction purposes, even at the hi^cst tested MOl ^>100). 

Retrovector expression following intra-tumorai injection of concentrated 
vTKiGFP retroparticles. 

Implantation of C6/iacZ glioma cells will reliably lead to the esiaV 

Ushment of intra-cerebral luinors in unmunocompetenx Sprague-Dawley rats. 

This ceil line will generdle large local tumors which are uniformly lethal withm 

60 isys following the initial stereotactic injection of 2x104 cells. Furthermore, 

C6/lacZ cells constituti*. ely express 3*galactosidase which pemuts the assessment 

of luntor extent and local invasion in X-gal stained post-mortem brain sections. 

18 rats rccei%'ed 2x104 Co/lacZ cells via stereotactic injection in the right brain 

hemisphere. Six days later 9 iiL of lOOOX I'TKiOFP retrovector (2x10" cfo/ml) 

was injected ai the Uimor site using the same stereotactic coordinates. Of these 18 

rats, 6 were randomly chosen and trcEted with saline. Saline-xreated control rats 

had an average survival of 38 da>-s (range 20 to 52 days). Post-mortem 

examination of brain revealed macroscopic intra-cerebral tumors, except for I rat 

which died with lepiomenmgeal mmor spread 8 days after timior ii^jection (which 

was excluded from farth^ analysis). Examination of fresh frozen brain sections 

by q>ifluorescence microscopy shows that in all animals, a predominant 

proporrion of ghoma cells fluoresce green (Fig 7A), including distant 

micrometastasis. Normal simrounding brain tissue is bereft of green fluorescence. 

?^o gre^ fiuotescence was observed in antransduced brain tumors (Fig 7C). 

Gancyclo\ir treatment of rais with vTKiGFP-targeted gliomas. 

Of 18 rats ha\'ing received intra-mraoral vTKiGFP retrovector, 12 

were subsequently treated with gancyclovir. Two days following retrovector 

injection* rais received gancyclovir 50 mg'kg inlra-pentoneally twice daUy for 5 

days followed by 50 mgrTcg once daily for another 5 days. Significant gancyclovir 
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toxicity including transient Jimb paresis and otorhagia. was noted in some rats in 
the week foUowing GCV treatment. Of 12 gancyclovir cheated rats, two died 
within 10 days following drag treatment presumably 6om direct GCv toxicity 
fboth animals had brain tumors <lmm in diameter on post-moitem). The other 10 
5 xais fully recovered fiom GCV toxicity. Two rats developed tumor relapses at the 
initial iiyection site and died of progressj^-e disease at day 82. Examination of 
brain tissue sections on diese iaie relapses, revealed focal GFP expression in the 
tumors (Fia 7E). Sigmficantly enhanced survival xvas obtained as eight of 12 
GCV-treated test rats (66%) remain long term sun-ivois (>120 days). A 
10 supplementary control cohort of 6 rats implanted with C6/lacZ, but wthoui 
subsequent resrovector admiDistratioii, was treated with the same GCV regimen. 
These controls had an average life span of 47 days (range 31 to 63 days) (Fig. 8). 
With our eqjerimental C6 glioma model . we have not observed a significant 
difference ra average survival between the two control groups (saline controls vs 
1 5 GCV-rreaied null nimors. p-0.37 f Student t test)) suggesting that GCV treatment, 
on its ovnu does not have a measurable impact on survival as has been suggested 
by others using 9L gUoma implants. These differences may be due differeat 
biological properties of these two ejqpsnmeEtal ghoma models. 
DISCUSSION 

Engineering ttimor cells to ciqjress the Herpes Simplex Virus Thymi- 
dine Kinase cDNA will lead to then- desu^ction if thsy arc subsequently exposed 
to non-toxic nucleobase analogs such as gancyclovir. This "suicide" effect is 
accompanied by *'oystander" toxicity on adjacent nimor cells not expressmg TK. 
so that a minority of engineered tumor ceUs - perhaps no more than 10 to 25% - 
will lead to lOO*/. tumor eradication. Clinical application of this therapeutic 
strategy requires relatively high efiSciency TK gens transfer to pie^stabliahed 
tumors. Furthermore, "coilateral- gene trans&r to normal adjacent normal tissue 
would have to be curtailed to prevent GCX' toxicity to normal biwn tissue. 

The atSnity of recombinant retroparticles for target tissue is defined by 
the env protein Murine amphotropic retroviruses, from which are derived many 
of the therapeutic retrovectors in glioma targeted gene deliverj', ^-iJi only bind 
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target cells which express a specific inorganic phosphate orsnsporter. If a target 
tumor does not express the reirovifus receptor, gene trarisfer - and therapeutic 
fcsnefit - is unlikely to occur. Retroparticles which are pseudot>'ped with tiie 
VSVG protein wiU adopt the wide host range of the vesicular stomatitis virus. 

5 The putative VSVG receptor on target cells - which is believed to be membrane 
phospholipid - is ubiquitously found in all eukaryotic cells. This has led the use 
of VSVG-pseudotyped retrovectors as gene delivery vehicles in wide assoitmwit 
of mammalian, noa-mamraalian and invertebrate cells (47). A njajor advance in 
pseudotyping retrovectors with VSVG was achieved when & practical "transient" 

1 0 VSVG retro^•i^al packaging cell line xvas designed. The subsequent publication of 
a teBable "staWe" high-titcr VSVG packaging cell hues - including 293GPG (34) 
. lias allowed the development and chanwterization of pscudotyped retrovectors 
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^ f<» a wide variety of gene transfer appUcations (52), including tumor oeU-targeted 

O gene delivery. 

2 15 We have examined the utility of a VSVG-pseudotyped suicide 

° retrovector for gJioma-targeted gene delivery. To facilitate analysis of vector 

h transfer efficiency and expression ia target cells, we engineered a retroviral 

^ expression vector which incoiporates HSVTK and the EGFP reporter oDNA 

W withm a bicistronic transcript (pTKiGFP). We have found that co-dominant 

% 20 expression of the HSVTK cDNA and of the EGFP reponer facilitates a wide 

assortment of procedures associated uvith synthesis and characterization of viral 
vectors. Among these, are the ability to measure endpoint titer from stable 
retroviral producer cells (Fig. 6) as well as potential use for selecting GFP* 
producer cells with a cell sorter device. We have also found that the EGFP 
25 reporter can SCTve as a sOTsitive marker ofretrovectorewptessjoD in targeted tissue 

in \«ro t7ig. 2) as well as in vtvo if ig. 7). 

We gaierated a stable retro\'iral vTKiGFP producer cell line (293AP3) 
derived from the 293GPG packaging cell line (Fig. 5). Upon tettacycUne with- 
drawal, this retro\'iral producer ceU line will express the VSVG envelope protein 
30 and generate pseudotyped retroviral particles. We found thai VSVG-pseudotyped 
retroparticles incorporating vTKiGFP %viTl lead to high efficiency retrovettor 
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tiansfer to human glioma cell lines m v,tro. m contrast vviih standard transfection 
techniques, or with the use of moie "standard" retroviral pseudotypes. we have 
• not required dominaat selection of subpopulauons of cells to achieve 100% 
transgeae-positive cell popiUations. Rciropaticle condidoned media coliscied 
5 fiom 293GPQ ccUs transiently traBSfected with pTKiGFP. was used to generate 
vTKiGFP transduced glioma cell lines. We noted that transducing glioma cells 
with concentrated retrovector ^ith a single application at a MOI of -.5 led to more 
than 90% gene transfer in targeted cells (Fig. 6). Gene expression was durable as 
assessed by persistent GFP expression (>30 passages) and by ftnctionai HSVTK 
10 expression, rendenng VSVG-associated pseudotransduction unlikely, fi8^^ng 
generated vTKiGF? transduced cell lines, we confirmed that the proviral genome 
integrated unrearranged by southern analysis, demonsirating the stability of the 
^-iral vector as designed (Fig. 3) This of some importance especially in light of 
recent reports documenting rearranged "suicide" retro-.-iral vectors as a cause of 
gano-clovir resistance in transduced tumors i5S,. Virtualiy all gHoma cell lines 
mmsduced wth vIKiOFP acquired substanrtal and significant sensitivity to 
gancyclovir m vivro (fig. 4). Our experimental design based on the use of 
polyclonal transduced ceU populations for cytotoxicity assays, supports the 
hypothesis thai vTKjGFP gene transfer, on the average, will express biologically 
sigmficant levels of TK in a gene-modified cell. Neither the transduction pwess 
(with a control retrovector), nor expression cf the GFP reporter, on their own. 
sensitizes ceils to ganoyclovir (Fig. 4). 

Important characteristics of VSVG pseudotj-ped ret^particles are their 
abihiy to sustain concentration by ultiacenirifugadon and repeated ireeze/thaw 
without loss of acrivity. These propenies have allowed us to collect retroparticle 
conditioned media on a daily basis foUowing teaacycline withdravval fiom the 
293AP3 producer cell Sue. Retropanicle-contaming media was liozen and stored 
until lUrther use. Large volumes of fiozen sapemataaf can be thawed, pooled and 
subjected to at least two cycles of cenlritugation Midi eiEcient «t«>veclor 
recovery. We concentrated 100 mU of media to a iJnal volume of 0.1 ml (lOOOX 
concentration on volwne basis) This was accoropa«ed by a 800 fold increase in 
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titer from 2.9 lo 2300x107 cfii/ml. We noted that supernatant from tetracycline' 
deprived 293AP3 producer cells could be toxic to target cells if applied repeat- 
edly. We also observ'ed this phenomena with other i93GPG-derived producer 
cells fdata not shown). Interestingly, we ohserved that concentrated retroparticles, 
which had been resuspended in serum-free media did not have this propeny 
although they would be delivered at a MOI higher than that achievable with the 
unconcetitraied supemaTant. This suggests that supernatant from tetracycline- 
derived 293GPG cells contains toxic constituentfs) which are readily discarded 
upon concentraiion procedure. 

To test the therapeutic useftiiness of this reagent, we utilized a rodent 
mode! of bram cancer. We established C6'l3cZ glioma tumors in 
immunocompetent Sprague-Dav/Iey rats and subsequently administered 
concentrated vTKiGFP rerrovector inira-tumorally. Innra-mmoraJ delivery of 9^1 
(-108 retroparticles) of concentrated vTKiGFP retrovcctor stock did not improve 
survival of animals who die not subsequently receive gancyclovir. These connrol 
rats (lumorf , renrovector-, but no GCV) had a mean survival of 38 days (range 
20-52 days). Post-mortem eKammation of whole brain tissue sections, revealed 
xhax efficient and stable tumor-specific gene ttansfer had occurred (Fig. 7). 
Transgene e>cpression persisted in the growing tumor as long as rets survived after 
retrovcctor administrarion (data not shown). Examination of surrounding normal 
brain tissue feiled to reveal GFP fiuorescence (Fig. ") suggesting that retrovector 
integration and expression ocouircd in tumor cells only and not in mitotically 
quiescent neurons, as would be expected from a retroviral vector. 

Twelve test rais received GCV following tumor-targeted vTKiGFP 
delivery. Of these, two died shortly (wiihin two weeks; following the end of 
GCV treatment. This "acute" death rate attributable to direct GCV toxicity 
(-16%), is comparable to that observed by other investigators who administered 
GCV at equal or lesser doses. The mechanism of death is likely relaxed to 
cytopenia and immunosuppression associated with severe, albeit reversible, bone 
marrow toxicity. Surviving test rats fiiliy recovered from GCV toxicity 
approximately jy:o weeks following its completion. 
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AD of the rest rars remained alive and well mere ihan 80 days post 
tumor implaniatiQiL Pwo rats developed s^onptoraatic tumor recurrences and 
were sacrificed on day 82 post rumor implantation (Fig. 8 ). Exammation of brain 
tissue sections on these late relapses, revealed large mmors with areas of green 
fluorescence inrer-spaccd with Gf P-ncgativc tumor ceUs (Fig 7). This suggests 
that recuiTsnce was due in part to gro\^h of unrransduced nimor cells, or of tumor 
cells in which the rctrovector ^-as sileaced foUowng integranon. The presence of 
GFP+ iinnor cells suggests that the GCV i^?gmien v^as not iniensive and'or 
durable enough to ehminare aJl n^sduced tumor cells in these nos. 
Alternatively, a subset of u-ansduced TK-cxprcssing cells may have acquired 
resistance to gancyciovir via some other means. UsUy, the ^'bystander** effect • 
especially its inunune effector arm - may vary in iniensity from animal to animal. 
This may explain the observed pattern of late relapses, suggesnng thai that there 
was a early "suicide/'bystandei" effect which led to increased survival but that 
15 some ^Jmor cells - transduced or not - "escaped" from the bystander effect and 
evenmaliy led to a recuirence. However, the sum of the suicide and bystander 
efFeci was clearly sufficient to enhance survival of a majoiiiy of animals (66%) 
who received vTKxGFP and GCV. Our observed long-term survival rate f>120 
days) is subsraniially greater than that observed following intra-runioral injection 
to of TK retroviral producer cells and compares favorably with that obtained with 
suicide adenovectors, including those incorporating tuijior-specific promoter 
elements. 

Jn the experimental group, 2' 12 animals died from GCV toxicity and 
2/12 succumbed to lace nraioi- recurrences. These data suggest that GCV dose 

5 reduction would be desirable lo lessen toxicity, however the duration of treamient 
may need to be extended to aUow elimination of ail gene modified cells The 
relatively late lecuirences fday 82 post implant), lead us tc speculate that the 
'immune ' bystander effect may have been mitigated in these two animals. It may 
be possible to mcrease the immune response by co-administering mnnunomodu- 

) laior/ genes (IL2, GMCSF) uitb TK such as has beer described by others. 
Furthermore, it may be useful to re-administer the suicide reuovector to those 
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animals who have residual disease following a cycle of iher^y. and to repeat this 
until maximal response has been achieved. However, it is unknown if a specific - 
and neutralizing - immune response agairist VSVG-typcd retroparticles will be 
elicited. 

This ccnsriiutes The first report of in vivo delivery of a cell-free 
retrovector concentrate with tumor-speciEc, high efficiency gene transfer and 
expression, with evident biologically significant ami-tumor activity. We propose 
that concentrated vTKiGFP retrovector may be of therapeutic value for humans 
with brain cancer. The high-titef of the concentrated reagent would allow intra- 
tumor deliver^' of a useful retrovector dose wnihoui the risks of injecting relatively 
lai^e volumes m a confined space (such as brainK vTKiGFP targeting of a tumor 
mass m vivo should subsequently lead lo its regression, and lac bystander effect 
may have a significant impact on the biology of local and disxant micrometastatic 
glioma deposits within the neuropil. This and related therapeutic reagents may 
also be useful m the treatment of other iocaHy advanced and metastatic 
malignancies. 

While the invention has been described in connection with specific 
embodiments thereof, it will be understood that it is citable of fiirther 
modifications and ihis application is intended to cover any variations, uses, or 
adaptations of the invention following, in general, the principles of the invention 
and including such dcpanures from the present disclosure as come within known 
or customary pracnce iviihin the art lo which the mvenuon pertains and as may be 
apphed lo the esseniial features hereinbefore set forth, and as follows in the scope 
of the appended claims. 



1. A retro%'iraI particle for delivering a geae to a tumor tissue cell, said 
retroviral particle being pseudorjpcd with a vesicular stomaritis virus G f\'SV G) 
protein. 

2. A tumor-specific retroviral expression vector comprising a suitable 
promoter, a retroviral untranslated sequanee including a packaging sequence and a 
primer building site, a cloning site perabiy Unked to an interna] ribosomal entry 
site (IRES), said IRES being operably linked :o a first nucleotide seouence 
encoding a suitable marker, • retroviral 3' long terminal repeat (LTR) sequence, 
for expressing a second nucleotide sequence inserted in said cloi±ig site. 

3. A retroviral expression vector according to claim 2. wherein said 
second nucleotide sequence comprises a dier^eutic gene. 

4. A retroviral expression vector accordmg to claim 3. wherein said 
tiierapeutic sene comprises a suicide gene 

5 A retroviral expression vector according to claim 4, wherein said 

nucleoiide sequence encodes a Herpes simplex \'irus thimidine kinase. 

6. A retroviral expression vector according to claim 5, ivherein said 

marker comprises a green fluorescent protein (OFF). 

t. A plasmid encoding a bicistronic. =on-splicing murine retrovccior 

comprising a multiple clonfaig site (MCS) operably linked to aa enhanced green 
fluorescent (EGFP) reporter (AP2) for transfening a piox-inis to a target ceU and 
e:q)ressing said pro^irus into said target cell, for co-expressing a nucleotide 
sequence insened into said plasmid with said EGFP reporter within a bicistronic 
framework. 

8. A rephcauoa-defeciive reiroviral expression vector comprising a 

suitable promoter, a rettoviial untranslated sequence including a packa^ng 
sequence and a primer bmlding site, a multiple cloning site (MCSi operably linked 



to an internal ribosomal enti> site (IRES), said IRES being operably linked to a 
firsi nucleotide sequence encoding a suitable marker, a retroviral 3* long terminal 
repeat (LTR) sequence, for expressing a second DNA $84uencc inserted in said 
MCS. 



9. All expression vector according to cla£m 8, wherein said marker 
comprises an enhanced green iluorescent protein (BGF?\ 

10. An expression vector according to claim 9, wherein said promoter 
comprises a CM V promoter. 

11. A method for treating a tumor, the method comprising administering to 



a mammal suspected of having a tumor a retroviral expression vector comprising a 
£rst nucleotide sequence, said first nucleotide sequence bemg therapemic, and a 
second nucleotide sequKice encoding a marker, said first and second nucleotide 
sequences being co-dommanily expressed, and administering to said mammal a 
nucleobase analog 

12. A method tor detecting m vivo a genetically modined cell with an 
expression vocror according to claim 7 to a tumor tissue eel? of a mammal, the 
method comprising administering a retroviral expression vector comprising a first 
nucleotide sequence encoding a retrovirus and a second nucleotide sequence 
encoding a marker, said first and second nucleotide sequences being co- 
dominantly expressed, and detecting the expression of said second nucleotide 
sequence by using one of fluorescence microscopy and flow cytometry techniques. 

13. . A memod for producing a retroviral panicle according to claim 1, the 
method comprising stably iransfecting a suitable cell line with the expression 
vector of claim 7. 

14 A method for producing re[ro\'iral particles^ the method conqmsing 

transfecting a suitable cell line with the expression vector of claim 8 and 
tran^fectmg said cell line with a drag resistance plasmid. 

1 5. The cell line obtained by the method according to claim 12. 



ABSTRACT OF Tm iWRNTTON 



The invention relates to retroviral expression vectors and more 
particularly to psdudoiyped reircvirai vectors for gene ther^y of cancer. Direct in 
vivo tumor-targeting wiih ^'suicide" virai veciors is limited by inefficient gene 
transfer and indiscriminate transfer of a conditionally roxic gene to sxnrcunding 
non-malignant tissue. Retro vectors pseudotyped with a Vesicular Stomatitis Vims 
G protein (VSVG,) may ser^'e as a remed> to this conundrom. These retroviral 
particles differ from standard murine retroviruses by their ver>» broad tropism and 
the capacity to be concentrated by uliraccntrifiigation without loss of activity. A 
VSVG-typed rctrovector can be utilized for ellicient and rumor specific Heipes 
Simplejc Virus Thymidine Kinase (TK) gwe delivery in vi\^. A bicistronic 
retroviral vector which e^qpresses TK and Green Fluorescence Protein (pTKiGFP) 
was constructed. 
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